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WIND=-TUNEL INVESTIGATION OF CONTROL-3URFACE CHARACTERISTICS
XVII - B-VILED-TRAILING-EDGE FLAPS OF
0.20, 0.30, AND 0.40 ATRFOIL CHORD
ON AN NACA 0009 AIRFOIL

By Vernard E. Lockwood
SUMMARY

Force tests in two-dimensional flow have been made
in the NACA 4~ by €-foot vertical tunnel %o determine
the aerodynamlc characteristics of an NACA 0009 airfoil
with flaps having chords 20, 30, and 40 percent of the
airfoil chord and 20°, 30°, and 40° beveled tralling
edges., The sffect of a gap at the nose of the flap
and of a rough leading edge was determined for the
ilaps equipped with the 30° bhevsled trailing edge.

The results indicated that, with a smooth leading
edge, the increased trailing-edss angle on the flaps
with sealed gaps decr.sased the slope of the control-
fixed 1ift curve and the 1if§ effectiveness, The
incrsased trailing-sdge angle generally reduced the
hinge momsnt, that is, gave positive increments in the
rete of change of hinge-moment coefficient with angle
of attack and flap derflsction. Ths hinge-moment
characteristics also showsd that, as the flap chord
was incrsased, the bevel angls that gave the greatsst
resducticn of hinge momsnts was Iincreased.

Opening the gaps at the nose of the flaps caused a
reduction in the slopes of ths 1ift curves and a positive
increment in the slopes of the hinge-momsnt curves.

The addition of roughness strips to the nose of the
airfoil produced similar results.

INTRODUCTION

£

. Force tests of a number of NACA symmetrical airfoils
have been made previous to the invsstigation reported
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2 CONPIDENTTIAL NACL ACR No. 14D12

herein for the purpose of providing data for the design
of control surfaces, The modifications that have heen
previously tested includs alterations of flap profils,
flap nose shape, balance chord, gap size, and to some
extent trailing-edgs angle. Previous tesgts of airfoils
have shown that considerable reduction in the hinge
moments of flaps may be obtained by increasing the
trailing-edge angle (raferencesl to 4). The purvose
of the present investigation is to show the effect of

8 wide range of trailing-edge angle on the aerodynamic
characteristics of fleps of various chords., The
investigation also includes tests of some of the models
with an open gap at the nose of the flap and with a
rough lsading edge.

APPARATUS AWND MODZL

The tests wers made in the NACA 4- by 6-foot
vertical tunnel described in refersnce 5 and modlfied
88 describsd in reference 6.

The Z2-foot-chord by 4-foot-span model was made of
laminated mahogany to the HACA 0C09 profile ahead of
each hinge axis. {3ee tabls I.) The model wes tested
with flaps having chords 20, 30, and 40 percent of the
airfoil chord (0.20c, 0,30c, and 0.40c). Each flap
had thres interchangeable trailing-sdge portions with
included angles of 20°, 30°, and 40°. A plain nose
with radius equal to approximately one-half the airfoil
thickness at the hinge axis was used on each flap.

The profiles of the flaps are defined in figure 1. An
additional 0.30c flap, which had an asymmetric bevel
with respect to the chord line and is hereinafter
referred to as the 30° asymmetric flap, was tested.

The 30° included sngle at the trailing edge was divided
to give a 10° bevsl to one surface and a 200 bevel to
the other surface and to make the bsvel chords of the
two surfaces egual. The gaps between the noses of the
flaps and ths cover plates were 0,002c. For most of
the tests, the gap was sesaled by sheet rubber glued

to the nose of the flap and to the airfoil ahead of

the flap.

For a few tests, the transitlon point on the air-
foll was fixed by the addition of a strip 2 inches wide
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_ at the nose on each surface of the airfoll. The rough
f strip was composed of No. €0 carborundum fastened to
the leading edge along the full span of the moedel.

Sceme tests were mads at a dynamic pressure of
15 pounds per squarz foot, which corresponds to a
velocity of about 76 milss per hour at standard ssa-
level conditions., The affective Reynolds number for
these teste was approximately 2,760,000, (Bffective
Reynolds number = Test Reynolds number X Turbulence
factor. The turbulence factor for the NACA 4- by
6~foot vertical tunnel is 1.93.)

’ ' For the rest of the tests, the dynamic pressure '
was reduced to 11.25 pounds per square foot because

' insufficisrnt power was avallable for continuous opera-
tion of the tunnel at a dynamic pressure of 15 pounds
per sguare foot. The dynamic pressure of 11.25 pounds
per square foct corresponds to & velocity of aboutb
66 miles per hour and an effsctive Reynolds number of

: . anproximately 2,390,000,
. Tre various model modifications and test Reynolds
P numbers are given in table IIL. )

RESULTS

Symbols

Coefficisnts and symbols used hereln are definsd
as followss

cy airfoil section 1ift coefficisnt (1/gc)
cg, eirfoil section profile-drag coefficisnt (do/qc)
PRSP > ° s . 2 2 / 2

Ch airfoil section pitching-moment coefficisnt (m qe )

- Chf Flap section hinge-moment coefficiasnt (hf/QCfB)
where
[/ alrfoll section 1if¢

' o airfoil section profile drag

CONFIDINTL..L



4 CONFIDEWTIAL NACA ACR No. 14D12

n airfoil section pltching moment about quariter-
chord noint of airfoil

hip flap section hinge moment

¢ c¢hord of hasic airfoll with flap nsutral

Cp Ilap chord

q dynamic pressur:c

and

Oq angle of attack for airfolil ol infinite aspect
ratio

O¢ flap deflection with respsct to alrfoil

@ flap trailing-edge angle; elso referred to as

besvel angle
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Subscripts:
o airfoil-contour plain flap
b bevsled flap for @ > 11,6°

The subscripts outside the parsntheses represent the .
factors held constant during the measurement of the
paramsters,

Precision

The maximum error in angle of gttack appears to
be t0,2°, The small amount of 1ift obtained at an
angle of attack of 0° for all tests with flap neutral
indicates some inaccuracy in model constructiocn or
installaetion. Flap deflections were set within ¥0.2°.
Tunnel corrsctions experimentally dstermined in the
NACA 4- by 6-foot vertical bunnel were applisd only
to 1ift. The hinge moments ars probably slightly
highsr than would be obtained in free &air. The
increments of profils-drag coafficient ars belisved to
be accurate within *0.0C1l for small flap deflectlons
and within 0,003 for large flap deflections and should
be reascnably independent of tunnel effect although the
absolute value 1s subject to an unknown correction.

Presentation of Data

The aerodynamic section characteristics of the
NACA 0009 airfoll with ths various flap arrangements
tested are presented in figures 2 to 14. The 1ift,
hinge-moment, and pitching-momsnt varameters are given
in table II. The flap 1irt effectiveness ag 1is given
as a function of flap chord ratic for the various trailing-
edgs angles in figurs 15,

-The data presented in figures 16 to 18 show flap
section hinge-moment coefficient as a function of
alrfoil section 1ift coeéfficlent rsesulting from the
deflection of the 0.20c, 0.30¢, and 0.40c flaps at
Gy = 0o°. The effects of gap, tralling-edge angle,
and leading-edge roughness are shown in parts (a), (b),
and {c¢), respectively. The variation of flap section
hinge-moment parameters with flap trailing-edge angle
1s given in figures 19 and 20 for the 0,20c, 0.30c,
and 0.40c flaps with gaps ssaled,
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Increments of airfoil section profile-drag coeffil-
clent caused by flap deflection for the 0.20¢, 0.30c,
#nd 0.40¢ beveled flaps with various trailing-edge
angles and gap conditicns are shown in figures 21 to 23.
Increments of profile-drag coefficiont for the 0.30c plain
flap of reference 6 are includsd in figure 22 for com=-
parison.

The hinge-nioment characterlistics of the flaps with
0.002¢ &nd ssaled gar~s may be compared from figure 24 for
an airfcil with a smouth laading sdgs. Sirwilar data
or airfoils with smooth and rough leading sdgss ars
given in figurs 25 for flaps with sealed gaps to show
ths effsct of fixzing the transiticn voint.

DISCUSSICH
alrfoil with Smooth ILwading =dge, Symmetric Flaps,
and Scaled Gaps

Lift.~ As is to be expectsd from references 1 and 2,
the slope of the lift curve cp (table II) was mate-

rially reduced by increasing the angle at the trailing
edge @ from 20° to 300; howsver, as ¢ was increased
from 300 to 400, this decrease was less marked. The
variation of flap chord from 0.20c to 0.40c¢ for constant
trailing-sdge angle @ dscreassd Clq This decroase

was probably due to the thickened flap profile.

Ths 1ift curves (figs. 2 to 4) show that, for
positive angles of attack, the 0.20c bevsled flans
gave greater lift and smaller hinge moments at flap
deflectlons of 20° and 30° than the plain or airfoil-
contour flap of refersnce 7. The 0.30c bevelsd flanp
(figs. 6 to 8) also g=ve greater 1ift end smaller hinge
moments for a flap dcflsction of &0° then the plain
flap of reference 8. The 1Incressed 1ift at thaese
flap deflections is contrary to that shown by the alr-
foll of reference 2, for similar conditions.

The size of the traillng-edge angle had little
effect on the angle of attack at which tte alrfoil
stall cccurred, but the increassd flap chord decreasad
the angle of stall from 13° for the 0.20c flap to
11° for ths 0.40c¢ flapn.
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Figure 15 shows that, for a gilven flap chord, the
flap lift-sffectivensss parameter a5 was decreased
as the included angle at the tralling edge was incrsased
ard hence was legs thon for the corresponding plein flap.
The value of ag, whkich 1s wmainly a function of flap
chord, increased with flap chord in about the same -
proportions for a constant angle as for & plain flap.

The control-fres 1lift paramster cy given in
Srree
table IT is valid only at ap = 8¢ = 0°. Increasing
the trailing-sdge angle increassd the slope of the
control~Ffree 1ift curve. The effect was qualitatively
the same as that noted in refersnce 1.

Hinge moment,- An inspection of the hinge-moment-
coefficisent curves (figs..2 to 14) indicates that
linearity with angls of attack is restricted to the
curves for the 200 bevelsd trailing edge at flap
deflections of 0° o 5O9. Other hinge-moment-coefflcient
curves are lsss linsar than corresponding curves for the
plain flaps.

The hings-momsnt cosfficisnts wsare generally smaller
for the 0.,20c and 0.30c hsveled flaps than for the corre-
sponding plaln flaps for a given 1lift at oy = 0° (figs. 16
and 17). Likewise, the flaps with the 200 beveled
trailing edge generally gave smaller hinge moments for
a given 1ift than the flans with the 200 beveled tralling
edgs., :

The 20° and 30° bevels were effsctive in reducing
hinge moments for the three flaps tested as is shown by
the hinge-moment parameters vlotted as a function of
trailing-sdge angle in figure 19. Replacing the 300
beval by a 400 bevel changsd the hingé-momsnt charac-
teristics of the 0.20¢c flap only slightly in comparison
with corrssponding changes on the 0.30¢c and 0.40¢ flaps.
On the 0.20c and 0.40c flaps, Ch, and Chg WeTe made

mors positive by ths 40° bsevslsd flap. A comnarison
of the hings-momsnt-cosfficisnt curves indicatas that,
as the flap chord was increased, the bevel angle that
geve the greatsst reduction of hinge moments was increasad.

The data from the present investigation do not
arpear to agrss well with the results of the bevelsd~
tralling-sdge correlation of refersnce 4, The points
in figure 20 repressnting the hinge-moment parameters
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from the pressnt serles of tests ars considerably scattered
from the results sat forth in reference 4. Data on
beveled controls obtained from various sources slncs the
corrzlation was mads show some disagreement and indicate
that more factors should be taken into consideration

than were given in the correlation in reference 4.

c ’d¢
Pitching momsnt.- The valuss of (é“?) andg (v~ﬁ§
a 3

de ocy

(table II) give the position of ths eerodynamic center

of the airfoil with respect to the quarter-chord point.
Increasing the trailing-edge angle shifted forward the

center of the 1lirt caused by angle of attack or by Ilap
deflections. This shift was in the sams dirsction as

was noted for the NACA 0009 airfoll of refersnce 1 and

the NiACA 66(215}-014 airfoll of reference 2.

Drag.- Incrsments of airfoll section profile-drag
cosffIcTsnt Acg, ror the C.20e, 0.30c, and 0.40c bev-
gled flaps (figs. 21 %5 23) were obtained by dsducting
the drag for the flap-nsutral condition at an angle of
attack of -6°, 0°, or 6° from the drag for the flap-
deflectad ccndition at the same angle of attaclk.

The 30C and 40° bevaled flups 1In general produced
smaller increments of drag than the 20% bevelsd {lap for
anglas of attack of 0° and 6°. The differsnces in drag
for the various bevsled flaps at a, = 8p = 0° were
within the experimental accuracy claimed for small flap
deflectlons. The profile-drag cosfficient for &y = 0°
was approximately 0.0196, 0.0112, and 0,018& for
a, = =69, 09, and 69, respectively.

5ffect of Gap at Hose of Flap

An indication of ths effect of a 0.002¢c gap at tlie
nose of the flap on the aerodynamic characterlstlcs of
a lap with a beveled trailing edge may be sean from the
parameter values of table II and figures 16(a) to 18(al.
As erxpectsd from the results of reference €, the 11ift
parameters were numerlcally smaller and the hinge-moment
parameters were more positive for flaps having 0.002¢c gaps
than for flsps with sealed gaps.

The hings-momsnt characteristics (fig. 24) of the
C.30c flap with a 30° beveled trailing 2dre and with

COHNFIDINTIAL
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open &nd sealed gap were typical of the varicus flaps
tested with open gap.
}

The open gap usually gave larger incremenbts of the
airfoil ssction profils-drag coefficient for angles of
attack of 6C, 00, an? -60 (figs.21 to 23). The profile-
drag coefficisnt at 8p = 00 for the airfoil with smooth
leading odge was approximately 0.0105 at ay, = 0° and
0.0170 at ¢, = *6°.

Effect of e Rouvgh Leading Zdgze
k] 3 o

Pixing the transitlon point by means of a rough
leading sdge had some effect on ths serodynamic charac-
teristics of the airfoill. The control-fixed 1lift
parametsrs were numsrically smaller and the hinge-
moment parameters wsre mors positive for the airfoll
with rough leading edge than with smooth leading edge.

The rough leading edge gave & more gradual change
in the slope of the 1ift curvs near the stsil and the
maximum 1ift wzs leas than for the smcoth sirfoil. The
hings-roment cheractaristice shown in figure £5 are
typicel for models with smooth ard rough ls2ding edpes.

The addliicn of rouchness strips to the leading
edge gave an Increase in the profile-drag cosfficient
of approximetely 0.00Z% at ay = 8p = 00,

Effect of Aéymmetric Bevel

. The aerodynamic <sction characteristics Ffor the 300
asyumetric flap are given in figure 10, As was expected
wilth the 20° bevel on the upper surface of the flap,
the hinge-moment cosfficisnts were negative at
G, = 8p = 0°  Ths curve of hings-rioment coefficisnt
as a function of angle of attack at 06p = 0°, 1iks
the curves for ths 40° heveled flap, has a positive
slope at negative angles of attack and, like the curves
for the 200 bevsled flap, has a negativs slope at
ag > 3°. A similar tendency is indicated in the vari-
ation of hings~-moment cosfficlent with flap deflsction.
Iwo curves, showing hinge-momsnt coeffilcient as a function
of 1ift coefficient at ap = 09, are given for the 30°
asymne tric flap in figure 17(b), with each surfacs

COUFIDENTIAL
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censidered zc the upper surfacs. The slopes of these
enrves ars smaller than ths corresponding slopes for
the flaps with symmetric bsvels.

CONCLUSIONS

Force tests in two-dimensional flow of flaps having
chords 20, 20, and 40 percent of the airfoil chord and
200, 30°, and 40° bevsled trailing edges on an NACA 0009
airfoil have besn made in the NACA 4- by 8-foot vertical
tunnel. A comparison of the results of the tests of
models having a smooth leading edge and a sealed flap
with the results for plain flaps having chords 20 and
30 parcaznt of ths airfoil chord on an NACA 0008 airfoll
indicated the followlng conclusions:

1. Thse increassd trailing-cdgs angle and the
increased thickness nsar ths trailing sdge reduced the
slope of the control-fixed 1lift curve.

2. The flap 1ift effactivensss was reduced by the
increase of the trailing-edge angle and hence was less
than for the corresponding plain flaps.

<. An increase in the tralling-sdge angle generally
gave a more positive slope to the rate of change of
hinge~moment coefficisnt with ansle of attack and with
flap deflsction, The hinge-moment characteristics also
showed that, as the flap chord was increassd, ths bevel
angle that gave ths greatest reduction of hinge moments
was increassd.

4, Aerodynamic centers of 1ift that result from
varying the angle of attack and varying ths flap dsflec-
tion were generally shifted forward by an increasze of
the trailing-edge angls,

5. Opening the gaps at ths ncse of the flaps with
a 300 bevelsd trailingz edge decressed the slope of the
control-Ffixed 1ift curve and decreased ths flap effec-
tiveness. The slopes of the curves oi hinge-norment
coefficient against angle of attack and flap deflection
are more positive for the flap with open gan than with
the sealed gap. The drag was generally higher for
flaps with open than with sealed gaps.

COTFIDENTIAL
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‘6. Fixing the transition at the leading edge of
the airfoill by the addition of roughness had an effect
on the 1lift and hinge-moment- similar to that caused
by overing thes gsp. The maximum 1ift was reduced by
addition of the rough leading edge.

7. The asymrstr’: flap with 20° bevel on the upper
surface and 10° bsvei on the lower surface gave negative
hinge momsnts at zero angle of attack and zero flap
deflection. The hinge-moment-coefficiant curve as a
functicn of angle of attack at zero flap deflection had
a positive slope at negative anglss of attack and a
negative slops at positive angles of attack greater
than 3°.

Langley Memorial Asronautical Laboratory,
National Advisory Committee for Aesronsutics,
Langley ¥leld, Va., ]
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TABLE I.- ORDINATIS FCOR WACA 0009 AIRFOIL

[Etation and ordinates in percent of airfoil chor&]

Station Ordinate
0 0
1.25 T 1l.42
2.5 1.98
5 2.67
7.5 3.15

10 “a01
15 4,C1
20 4630
25 4,46
30 4,50
40 4 ,3F
50 Z.97
60 3442
70 2.75
80 1,97
20 1.09
.95 .80
100 (.10)
100 o -
L.EZ. radius: 0.89
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TABLE II.~ PARAMETERS FOR NACA 0009 AIRFOIL WITH BEVELED-TRAILING-EDGE FLAPS

Earametera measured over small range of angle of attack and flap deflection where curves are nearly linsar.

Because of general nonlinearity of curves, parameters should be used only with figs. 2_to 14.

of cnp, limited to range of a from -3° to 3°;

chg to range of & from -5° to 5°]

Measurements

! Description of model

{ Trailing-

Condition of

Tesat

Parame ters

| eg.ge ai;fgil Gap at Figure] Reynolds (& L> (ba.o> (6‘37,) (bchf) (échf) écm> oc m)
. angle, E. flap nose number -6?0 S6e i S
" (aeg) ' or | \O0f Joy °/free Go/op 3Bz /a0 |\ Jog | \FC1 (%
0.20¢c flap
fa11.6 Smooth Sealed g | 0.098 | -0.44 | commemacc} 20,0050 | -0.0115 | <ococoe | comee- -
20 wedO=- ==dO== 2 2,76x10 .098 -.42 0.095 -,0006 -,0079 0,022 | -0,180
. 30 , mellO== ==dO== 3 2.76 .094 -e4l «121 +0035 -,0044 .032 -.184
, 40 —adO=- ==do~= 4 2,76 «095 -440 +122 +0030 -o0042 «032 -.180
I &0 Rough =wdO== 3 2,76 «090 -+ 40 «141 +0051 -+.0035 « 023 -.179
30 Smooth 0.002¢ S5 2476 .092 -0 356 +163 .0047 | -.0022 «036 -.180
0,30¢ flap
"1.6 Smooth Sealed 0.098 =0457 | ==vememeas| «0,0075 | -0.0130 -
20 w=dO=- —=d0== 6 2,39x106 +095 =456 0,076 -,0034 -.0101 0.022 | -0.150
30 w=dO=- =—do-= w7 2,76 090 =53 +»101 +0010 -.0044 .042 -.142
40 s [ L ==dO=- 8 2.39 +089 - 52 «176 .0048 -+.0026 .048 -.141
30 Rough e=dO== 7 2,76 .089 -¢51 .122 0025 =-.0034 .045 ~-.143
30 —=d0~= 0.002¢ 9 2.76 .088 =50 .088 .0000 -.0017 . 049 -+130
30 Smooth —dO== 9 2,76 .089 =450 o144 0036 -.0029 .049 -.140
bxo w=(iQe= Sealed 10 2.39 .093 -.54 +122 .0016 ~.0028 .042 -.143
0.40c flap
831.6 Smooth Sealed 0.098 ~0.68 | —memmeeee -0.0101 | -0.0145
20 P . e ==(0==~ 11 2.39x106 .094 -.68 0.066 -,0048 -,0109 0.033} -0.113
30 —e@gO=- wedOe= 12 2,76 .088 -.64 .095 «0006 ~-.0049 .050 -.096
40 ~=dO=- -=do=- 13 2.39 .086 -.62 .128 +0035 -.0026 .063 -,095
30 Rough ~a@Owe 12 2.76 .084 -.62 116 .0022 -.0036 +057 -.090
30 Smooth 0.002¢ 14 2.76 .085 =.56 <121 .0019 -.0025 .049 -+107

anr alrfoll-contour plain flap from reference
bAsymmetric flap.
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Cover plates 040c flap

Straight line

J0c 7

L R =‘.aZ7C

NACA 0009 arrfoil contour 0.30¢ flap

- NI

.30¢ r-00&¢

Rubbsr seal : 0.30c asymmetric flap

" - B - 10° /'(i\‘l :
///’ \\“—-——'__—“_*i:7___,~”——~—(* fzﬁw&fémbj J
Lower surface =20¢ .007¢c

Rubber seal ~00ec
((\%bt 20c - '
'V<;T R =020 R =20c — %;i-Fﬂﬁk

\ =
‘_%;—-; T 0l0c 1
NACA 0009 airroil contour 0.20c rlap

Figure 1. -Detalls  OF bevel-lrailing-edge flaps tested on NACA 00039 airroil.
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